Fe4S* cubane-like clusters (where S* denotes sulphide) are bound to a single peptide chain by cysteine residues, and are positioned about 1.2nm apart at either end of a cavity. Each 4-Fe cluster contains equivalent Fe atoms (average oxidation state 2.5 for the oxidized form), and is one-electron redox active (reduction potential about -0.40V) (Stombaugh et al., 1976 ). An approximate twofold symmetry has been observed in the crystal structure of the Pseudomonas aerogenes 8-Fe ferredoxin, in which each half of the polypeptide chain binds three cysteinyl sulphur atoms to one cube and another cysteinyl sulphur atom to the other. This arrangement could conceivably lend itself to redox co-operativity between the two 4-Fe cubes. We here report studies on Clostridium pasteurianum 8-Fe ferredoxin that relate to this question.
Methods and Materials
Pulse-radiolysis experiments were carried out with the aid of a linear accelerator facility (Keene, 1964) . Aqueous thiocyanate was used for dosimetry (Adams et al., 1965) . For reactions of the hydrated electron e,q., anaerobic conditions (Ar-saturated solutions)
were made up with 1.0mM-potassium phosphate buffer, pH 7.0, and 0.10M-NaCIO4. 2-Methylpropan-2-ol (0.2M) was used to scavenge OH' and H' radicals (eqn. 1):
The 2-methylpropan-2-ol radicals play no further part in the reaction (Farragi & Tal, 1975; De Kok et al., 1977) . Formate radicals were obtained by pulsing N20-saturated solutions of 1.0mM-potassium phosphate buffer, pH 7.0, and 0.10M-sodium formate. In these solutions the hydrated electrons are converted into OH' radicals by reaction with N20 (Brown et al., 1965) The propan-2-ol radical reaction was investigated by using N20-saturated solutions of 1.0mM-phosphate buffer, pH7.0, 0.50M-propan-2-ol and 0.1OM-NaCIO4 (Simic et al., 1969) . Hydrated electrons react as in eqn. (2), whereas OH' and H' radicals react as in eqn. (4):
Reactions (1)- (4) are all rapid, and for the conditions specified effectively scavenge the primary radical species. The 8-Fe0x.o.0. ferredoxin from C.
pasteurianum was isolated by the procedure described by Thompson et al. (1974) , and was standardized spectrophotometrically at the 390nm peak (E 3.0x 104M-Icm-1) (Sobel & Lovenberg, 1966) . The absorbance ratio A390/A285 = 0.80 was used as a criterion of purity (Stombaugh et al., 1976) . Concentrations of ferredoxin were in the range 6-20M. Radical concentrations (0.5-2.0AM) were kept below 10% of this concentration to ensure that the 8-Fe protein is singly reduced. First-order kinetic plots of absorbance changes log(A,-Ao) against time were linear to 3-4 half-lives, and rate constants k.b0. were obtained from slopes (x2.303).
A Durrum-Gibson stopped-flow spectrophotometer was used to study the reaction of 8-Fered. ,red. ferredoxin (obtained by standard procedures with Na2S2O4 as a reducing agent) with Co(NH3)5Cl2+.
All experiments were at 180C and at pH7.0 (1.0mM-phosphate buffer) and I0.10 (NaCIO4).
Results
The reaction of e-. with 8-Fe0.1 O.. ferredoxin was monitored at the e -. peak at 720nm (E 18 500M-1 cm-1) (Swallow, 1973, p. 92) , when a rate constant (mean±s.D.) of 3.4 (±O.2)xI010M-1 -s1 was obtained. Only small absorbance changes were observed at wavelengths in the range 260-500nm at which the ferredoxin absorbs. These changes are small (<15%) Fig. 1 . For all three reductants the half-reduced species gives the same isosbestic point as 8-Fe01.,01. ferredoxin and 8-Fered.,red. ferredoxin at 286nm. It is also concluded from the incremental changes at each wavelength that the spectrum of 8-Feo0. red. ferredoxin is midway between that of 8-Fe0,.01x. ferredoxin and 8-Fered.,red. ferredoxin. The efficiency of reduction is less than 100%, however. The 8-FeOX.,,ed. species generated is stable for at least 2s.
The rate constant for the reaction of e-q. with Co(NH3)iCl2+ was determined under present conditions to be 2.5 x 1010M-1 *s-(see also Baxendale et al., 1965 The second stage is therefore believed to be an intramolecular process. Low overall efficiencies ofreaction of e-* and CO2-(30-40%) and of (CH3)2C'OH (56%) with 8-Feo0. O.x. ferredoxin are observed (see Fig. 1 ), where the dependence is possibly the reverse of reduction potentials for e-. (-2.9 V) 150), C02-O (-2.0V) (Breitenkamp et al., 1976) and (CH3)2COH (-1.8 V) (Breitenkamp et al., 1976 (Anbar et al., 1973) . One possibility therefore is that for the reaction yielding 8-Feox.,red. ferredoxin the first stage corresponds to reduction of either the tyrosine or phenylalanine in the protein (Adman et al., 1973; Carter, 1976; Yasunobu & Tanaka, 1973) (Blyumenfeld et al., 1977) . Bielski (1977) or, since equal Ae increments are observed for the two steps, k2 %k1. By using a consecutive reaction treatment, the overall rate constant from stoppedflow studies and k2 from pulse-radiolysis experiments, a best fit of k1 = 7.7 x IO's0sI was obtained. Clearly therefore the condition k2>kj does not apply and k,1 k2. Thus significantly more rapid oxidation by the second Co(NH3)5Cl2+, i.e. co-operativity, does not exist in this system, and the results obtained support the reduction potentials of 0.367 and 0.398V reported (Eisenstein & Wang, 1969) for the two 4-Fe units of an 8-Fe protein.
